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Abstract 
Aerosols vary widely in space and time and thus satellite-based observation of their physical and optical 
properties is important. MODIS TERRA aerosol products were employed to analyze the temporal and spatial 
variability of aerosol distribution over Mongolia. The main data used in this study are MODIS TERRA gridded 
atmosphere monthly global products (MOD08_M3) of aerosol optical thickness (AOT) at 550nm. The monthly 
average M0D08_M3 products are given at a spatial resolution 10km x 10km. Moreover, the MO DIS standard 
products, such as Vi's; Normalized Differences Vegetation Index (NDVI), Enhanced Vegetation Index (EVI) are 
adopted. The NDVI and EVI maps depicting spatial and temporal variations in land surface process and 
vegetation activity has derived using MODIS data from atmospherically corrected and nadir adjusted surface 
reflectances. These data sets are being used to evaluate climatologically and seasonal variations of aerosols, and 
also to assess aerosol optical thickness distribution in the above study area. High value of AOT (0.6-1.42) 
appeared in spring and summer seasons over southeastern and eastern region (Gobi dessert and Eastern steppe 
area) of Mongolia. However, the low value of AOT (0.0-0.3) observed in autumn and winter seasons. The Gobi 
desert over southeastern and eastern arid and semi-arid region of Mongolia, which has AOT more than 0.6 and dry 
and windy climate condition causes mostly affected by dust storms in spring and summer seasons. Moreover, the 
AOT distribution and land surface variability relationship is analyzed and discussed. 
Keywords: Aerosol optical thickness, MODIS, EVI, NDVI 
1. Introduction 
In the recent years, it is reported in the several papers on 
atmospheric aerosols has been originated extremely from 
Eastern Asian subcontinent, especially natural aerosols due to 
dust storm from northern C血a and Gobi desert region of 
Mongolia. 
droplets. The aerosol optical depth (てa) retrieved at 10km 
spatial resolution from the Moderate-Resolution Imaging 
Spectroradiometer (MODIS) sensor on board the TERRA 
and AQUA satelites are already providing important 
infom皿ion on global aerosol climatology (Remer et al., 
2005). 
The present decades achievements in spacebome remote The regional and local analysis is needed to investigate the 
sensing of aerosol properties are presented in the work of overall impact of aerosol radiative forcing on climate change. 
Stove et al., Huser et al., Herman., Tanre et al., Kaufinan et al., 
(1997) Martonchik et al., (1998), Goloub et al., Higurashi and 
Nakajima, King et al., (1999). 
Aerosols afect our environment at the local, regional and 
global levels. Atmospheric aerosols may affect climate 
through both direct and indirect mechanisms. Indirect 
mechanisms include, for example, the aerosols reflect 
sunlight back to space, thus cooling the planet. By direct 
effect involves aerosol particles acting as cloud condensation 
nuclei, spreading the cloud's liquid water over more, smaller 
Accordingly, first are meant to give broad evaluation of 
aerosol effects to climate change. In this paper we focus on 
seasonal and spatial distribution of aerosol optical thickness 
and relationships to land surface variables over whole 
Mongolian teritory. In order to evaluate the relationship 
between aerosol optical properties and land surface variables 
we analyzed the data on AOT and Vi's of MO DIS products 
for Mongolian huge area. We performed our analysis on 
monthly mean AOT and MODIS Vi's such as NDVI and 
EVI for 2001-2005. 
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2. Study area and nadir adjusted surface reflectances. Geometric correction 
In the present study we select the rectangular geographical was done to the images. The MODIS images are 
region between 80ｰ-120ｰE and 43ｰ-52ｰN including whole downloaded from Land Processes Distributed Active 
area of Mongolian teritory. Mongolia is a coun切 in Archive center (LP DAAC) of NASA's Earth Observing 
Northeast Asia, which has unique ecological system System (EOS). 
consisting of the southernmost fringe of boreal forest of the 
Great Siberia, the northernmost deserts, vast steppes of 5. Results and Discusmon 
Central Asia. The climate of Mongolia has high annual and 5.1. Aerosol optical th妃kness平血ldistribu加n
diurnal temperature fluctuations, and low rainfal. The annual We adopt in this analyze the MOD ISTERRA sensor 
precipitation amount is low, averaging 200-220 mm and derived monthly mean aerosol optical thickness data. The 
ranging from les than 50 mm per year in the South (Gobi MODIS TERRA atmosphere monthly global products 
desert region) to 400 mm per year in limited areas in the (MOD08_M3) of aerosol optical thickness were 
North. (Climate Change and its Impacts in Mongolia). preprocessed for the monthly mean AOT distribution images 
over Mongolia. However, there were few points lost values of 
3. Data sources aerosol optical thickness in data sets for our study area. 
The many data products derived from MODIS Consequently, in order to generate aerosol optical thickness 
observations describe features of the land and atmosphere maps for whole Mongolian teritory, we tried to fil the area 
that can used for studies of process and trends on local, by applying Kriging inteipolation method. Figure 1 presents a 
regional and continental scales. MODIS data products are generated seasonal mean aerosol optical thickness 
available from several sources. The four data sets are used in distribution maps for 5 years: from December 2000 to 
this study; the MODIS atmosphere products of aerosol November 2005. 
optical thickness (AOT), land products of Vegetation Indexes The aerosol optical thickness spatial distribution images 
(VI); such as Normalized Differences Vegetation Index were evaluated by visual inteipretation analyzing method. 
(NDVI) and Enhanced Vegetation Index (EVI) were chosen Generally, aerosol optical thickness values observed with 
for mapping and analyses relationships between above range 0.0-1.41 throughout the study period. For al the years 
atmosphere and land products over Mongolia. The data primary proportion of aerosol optical thickness distribution 
consists of MODIS TERRA atmosphere monthly global observed dominantly in spring and secondarily in summer, 
products (MOD08_M3) of aerosol optical thickness (AOT) when there are occurred windy situation in arid and semi arid 
at 550run on 2001-2005. The monthly average MOD08_M3 region. Particularly, larger optical thickness values are seen in 
products are given at a spatial resolution I 0km x I 0km. The 
MODIS standard products, such as MODIS VI's; 
Normalized Differences vegetation index (NDVI), Enhanced 
vegetation index (EVI) are on2001-2005. 
4. Data processing 
The MODIS TERRA atmosphere monthly global 
products (MOD08_M3) of aerosol optical thickness were 
pre-processed for the monthly mean AOT distribution 
images. Then we have been processed maps of AOT 
distribution over al territory of Mongolia by using Kriging 
interpolation methodology. Because there were some few 
points lost values of AOT in data sets, so the Kriging 
interpolation method was applied for AOT distribution maps. 
Moreover, in this study we processed MODIS VI's such as 
NDVI and EVI images are for the present analyze. The 
NDVI and EVI images depicting spatial and temporal 
variations in land surface process and vegetation activity has 
derived using MODIS data from atmospherically corrected 
southeastern and eastern region in spring and southeastern 
region in summer (specially 2001-2003). Lower values of the 
aerosol optical thickness represents in winter during study 
period (except most eastern borderland area). In autumn large 
optical thickness values also seen only in southeastern area of 
this study region. And the AOT distribution is shown the 
similar pattern in autumn during the 5 years period. On the 
other hand, we have seen that aerosol optical thickness 
dominantly occU1Ted in southeastern and eastern arid and 
semi-arid region of the study area over observed period. The 
Gobi desert over southeastern and eastern region of Mongolia, 
which has AOT more than 0.6 and dry and windy climate 
condition causes mostly affected by dust storms in spring and 
summer seasons. 
Furthermore, we should note that has been observed 
highly seasonal pattern of aerosol optical thickness 
distribution. Hence our analysis found that most aerosol 
mobilization is from nature and the source region appears in 
southeastern and eastern part of Mongolia. 
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Fig.I. Seasonal aerosol optical thickness distnbution over Mongolia, 2001-2005 
5.2. Relationship betweenAOTand MODIS Vls 
As we known, vegetation background is closely linked to 
important physical processes occurring at the land 
surface-atmosphere interface. In this research, two 
vegetation indexes of MODIS products were evaluated to 
determine vegetation background in Mongolian teritory. 
The normalized difference vegetation index (NDVI) will 
maintain continuity with the AVHRR-NDVI data record, 
which has provided a time series of seasonal and interannual 
variations since 1982ｷand an enhanced vegetation index 
(EVI), which will extend sensitivity into dense forested 
biomes and agricultural areas while reducing canopy 
background and aerosol sources of noise. The NDVI was 
originally developed to enhance the vegetation signals over 
sparsely vegetated rangelands. The EVI has been developed 
to optimize the vegetation signal while m面m切ng aerosol 
and canopy background sources of uncertainty [1]. In order 
to characterize vegetation background, we pre-processed 
MODIS Vi's such as NDVI and EVI images by growing 
seasons (spring, summer, autumn) for 2001-2005. (Not 
illustrated here). 
The distributions of vegetation cover allow us to analyze 
the effect of surface background which sensitive to the soil 
condition to aerosol loadings. The information of vegetation 
indexes is used to investigate the relationship between 
aerosol optical thickness distribution and vegetation 
background. 
Figure 2 presents relationship between AOT and NDVI 
for growing seasons including spring, summer and autumn 
of 2001. Large values of aerosol optical thickness (0.3-1.21 
in spring, 0.3-1.42 in summer, 0.3-1.23 in autumn) are 
appeared in the small values (0.05-0.14 in spring, summer 
and autumn) of NDVI in this scatterplot over al growing 
seasons. It is indicates larger optical thickness distribution 
associated with lower vegetation background, which is 
sparsely vegetated area (such as bare soil) in 2001. Moreover, 
slightly broad spread of aerosol optical thickness observed in 
spring than summer and autumn seasons. 
Figure 3 presents relationship between AOT and EVI for 
growing seasons including spring, summer and autumn of 
2001. In this scatterplot, ahnost s血ilar pattern of 
relationship among aerosol optical thickness and enhanced 
vegetation index with relations between AOT and NDVI 
above mentioned growing season. However, smaller spread 
of aerosol optical thickness appeared in relatively smaller 
values ofEVI than NDVI values in al season of 2001. 
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In figure 4 shows the seasonal frequency distribution of 
occIDTence of aerosol optical thickness, NDVI and EVI for 
each season (a. winter, b. spring, c. summer, d. autumn) in 
2001. 
The larger distribution of occIDTence of aerosol optical 
thickness varied range 0.5-2.0 (with frequency 1.6 x 10りwas
in summer and spring while lower values 0.0-0.2 of NDVI 
and EVI (with frequency 1.0 x 104 and 1.15 x 104, 
2) Remer L.A. et al., 2005. The MOD ISaerosol algorithm, 
products, and validation, Journal of the Atmospheric 
science, Vol. 62, 947-973. 
3) Shilong Piao, Anwar Mohammat, Jingyun Fang, Qiang 
Cai and Jianmeng Fenggand., 2006. NDVI-based 
increase in growth of temperate grasslands and its 
responses to climate changes in China, Journal of the 
respectively). In other words, the frequency of occ皿renceof 4) 
Global Environmental change, Vol. 16, 340-348. 
Toshihiko Takemura and Teruyuki Nakajima., 2002. 
Single-scattering Albedo and Radiative Forcing of AOT in summer and autumn is almost identical. The 
maximum frequencies of AOT are found around 0.1-0.15. 
The lower frequency distributions of AOT are broad in 
having values 0.0-0.5 (with frequency 5.0 x 10り inwinter. In 
spring, the frequency of distribution of occurrence of AOT 
values is broad, varied range 0.25-1.0 (with frequency 6.2 x 
103). 
6. Conclusion 
The aerosol spatial distribution maps obtained from 
MODIS monthly mean aerosol optical thickness data have 
greatly improved the knowledge about the seasonal pattern 
of aerosols over Mongolia. The aerosol optical thickness 
spatial distribution images were evaluated. Generally, 
aerosol optical thickness values observed with range 
0.0-1.42 throughout the 2001-2005. 
During study period primary proportion of aerosol optical 
thickness distribution observed dominantly in spring and 
secondarily in summer, when there are occurred windy 
situation in southeastern and eastern arid and semi-arid 
region of Mongolia. Particularly, larger optical thickness 
values are seen in southeastern and eastern region in spring 
and southeastern region in summer (specially 2001-2003). 
Lower values of the aerosol optical thickness occurred in 
winter during study period. In autumn large optical thickness 
values also seen only in southeastern area and the AOT 
distribution is shown the s血larpattern in autumn over the 5 
years period. 
Finally, we have seen that aerosol optical thickness 
dominantly occurred in arid and semi-arid region and most 
aerosol mobilization is from nature and the source region 
appears in southeastern and eastern part of Mongolia. 
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